Abstract: We studied the effect of olprinone on neuromuscular blockade caused by vecuronium. Thirty women undergoing nitrous oxide-oxygen-isofiurane anesthesia were randomly divided into olprinone (n=15) or control group (n=15). In the olprinone group, the patients received an intravenous initial loading dose of 01-prinone at a rate of 2 ,ug/kg/minute for 5 minutes, followed by a continuous infusion of olprinone at 0.3,ug/kg/minute. In the control group, the patients received normal saline. Thirty minutes after the beginning of the infusion of olprinone or normal saline, vecuronium (0.1 mg/kg) was administered. The degree of neuromuscular blockade was monitored electromyographically at the adductor pollicis muscle. The time to the onset of neuromuscular blockade, and to the return of the first, second, third, or fourth response in train-of-four (TOF; TI, T2, T3, or T4, respectively), and the time course of recovery of TI/control did not differ significantly between the groups. After 50-70 minutes of vecuronium, the TOF ratio (T4/T1) in the olprinone group was significantly higher than in the control group. During this period, the mean TOF ratios in the control and olprinone groups were 0.15-0.39 and 0.40-0.57, respectively. In conclusion, olprinone accelerates the recovery of the TOF ratio, and the quickening effect of olprinone on the recovery of the TOF ratio may be apparent 50-70 minutes after vecuronium in anesthetized patients receiving vecuronium.
INTRODUCTION
Olprinone and milrinone are phosphodiesterase (PDE) III inhibitors that are JtUl.~, j';iiIi1tij §'j, 1Lt;$:=ftk, 3jZr"'~lt, Ii +lJtIlllltl, :fjJlI:'!tfF Corresponding author: Takaaki Katayama E-mail: yamanobori3192@yahoo.co.jp 61 commonly administered in patients with acute heart failure, due to their vasodilatory and positive inotropic effects1-6). The cardiovascular effects of PDE III inhibitors are attributed to inhibition of PDE III and perpetuation of intracellular cyclic adenosine monophosphate activity. Recent studies have demonstrated that PDE III inhibitors can influence the function of extracardiac organs, such as the diaphragm or skeletal muscle 7 -12 ) . Milrinone has been reported to antagonize the effect of nondepolarizing neuromuscular relaxants in the rat nerve hemidiaphragm preparations 7 ) . In the clinical setting, milrinone accelerates the recovery from neuromuscular blockade induced by vecuronium in anesthetized patients 8 ) . It has been demonstrated that olprinone and milrinone can enhance the contractility of the fatigued dog diaphragm, and that olprinone is more potent than milrinone 9 -12 ) . We therefore hypothesized that the recovery of contraction of the skeletal muscles after administration of a neuromuscular relaxant may be accelerated by the administration of olprinone. However, no previous studies have examined the effect of olprinone on neuromuscular blockade in humans. The purpose of this study was to examine the effect of olprinone on neuromuscular blockade caused by vecuronium in anesthetized patients.
MATERIALS AND METHODS
This protocol was approved by the Fukushima Medical University ethics committee, and written informed consent was obtained from each patient. Thirty adult females, with American Society of Anesthesiologists (ASA) physical status I or II, scheduled for elective surgery (mastectomy), orthopedic surgery (total knee replacement), ear nose throat surgery (tympanoplasty), or ophthalmologic surgery (segmental buckling or vitrectomy) under general anesthesia were enrolled in this study. The patients were randomly allocated to two groups of 15 patients each: olprinone group or control group.
Administration of olprinone or normal saline
Premedication consisting of 0.01 mg/kg atropine and 0.05 mg/kg midazolam was administered intramuscularly one hour before the induction of anesthesia. In the olprinone group, 30 minutes before induction of anesthesia, an initial loading dose of olprinone was administered at 2 jig/kg/minute for 5 minutes, followed by a maintenance dose of olprinone at 0.3 jig/kg/minute. These doses were similar to those reported previouslyl-4). Since the plasma concentration of olprinone has been reported to stabilize 30 minutes after the beginning of infusion in humans 1), we began to administer olprinone 30 minutes before the induction of anesthesia. In the control group, normal saline was given as a placebo, instead of olprinone, at a rate of 0.1 ml/kg/hour for 5 minutes, and thereafter, the infusion rate was reduced to 0.015 ml/kg/hour. Electrocardiograph, non-invasive blood pressure cuff, and pulse oximeter as part of the anesthetic machine (AS/3, ADU Anaesthetic Work Station, Datex Inc., Helsinki, Finland) were attached to the patients in each of the two groups.
Monitoring of the degree of neuromuscular blockade
Thirty minutes after the beginning of the infusion of olprinone or normal saline, anesthesia was induced with intravenous thiopental 4 mg/kg and fentanyl 2 jlg/kg. After loss of the eyelash reflex was confirmed, the degree of neuromuscular blockade was monitored electromyographically using a neuromuscular transmission monitor (Relaxograph; Datex Inc., Helsinki, Finland). Two surface stimulating electrodes were placed over the ulnar nerve at the wrist and two surface recording electrodes were placed over the adductor pollicis muscle. One ground electrode was attached between the stimulating and recording electrodes. Train-of-four (TO F) stimuli, each stimulus consisting of a 0.2 millisecond duration square-wave at a frequency of 2 Hz, were delivered every 20 seconds at a supramaximal current, and the amplitude of the evoked electromyographic responses were measured at the adductor pollicis muscle. TOF stimuli were applied every 20 seconds for approximately 5 minutes until the amplitude of the electromyographic responses stabilized. The electromyographic amplitude in response to T1 was regarded as the control. Thereafter, vecuronium 0.1 mg/kg was administered intravenously to facilitate tracheal intubation. The disappearance of the response to T1 (1st response in TO F) was regarded as the onset of neuromuscular blockade. The times from the administration of vecuronium to the onset of neuromuscular blockade were compared between the two groups. The times from the injection of vecuronium to the return of T1, T2, T3, or T4 (the 1st, 2nd, 3rd, or 4th response in TOF) were also compared between the groups. T1/control and train-of-four ratio (TOF ratio, ratio of the electromyographic amplitude of T4 to that of T1) were recorded every 10 minutes, and were compared between the two groups. The TOF electro myographically measured responses were displayed on the anesthetic machine, and were recorded by an anesthetist blinded to the nature of the infusion.
Anesthetic management
In each group, anesthesia was maintained with nitrous oxide 66%, oxygen 33%, and 0.5% end-tidal isoflurane. Additionally, when the patients exhibited systolic hypertension (systolic arterial pressure > 150 mmHg) or tachycardia (heart rate > 100 bpm), a bolus dose of fentanyl 1-2 jlg/kg was administered intravenously.
Ventilation was controlled to maintain normocapnia (PET CO2 30-37 mmHg). The concentrations of anesthetics and PETC02 were measured using a multiple gas monitor attached to the anesthetic machine. A forced-air warming device (Warm Touch, model 5200, Tyco Healthcare Japan, Tokyo, Japan) was positioned over the patients' arms and hands during surgical procedure. The peripheral temperature over the adductor pollicis muscle was monitored using a surface skin thermometer (First Temp Genius, Nippon-Sherwood Inc., Tokyo, Japan).
Statistical analyses
All results were expressed as the number or mean±SD. Patient data, time to the onset of neuromuscular blockade, and the times to the return of TI, T2, T3, or T4 were compared between the two groups using unpaired t-test. Recoveries of TIl control or TOF ratio were compared between the two groups using analysis of variance (AN OVA) and unpaired t-test with Bonferroni's adjustment. P-values < 0.05 were considered to be statistically significant. Statistical analyses were performed using a statistical package (SYST A T 8.0; SPSS Inc., Chicago, USA) on a personal computer. Table 1 shows the characteristics of the patients between the two groups. The age, weight, and height of the patients were similar between the two groups.
RESULTS

Patient characteristics
Monitoring 0/ the degree 0/ neuromuscular blockade
The onset of neuromuscular blockade in the olprinone group did not differ significantly from that in the control group (24I±60 vs 22I±38 seconds, n=I5, P= 0.282). * P<O.05 between grO'ups. Table 2 indicates the time from administration of vecuronium to the return of Tl, T2, T3, or T4 in the two groups. The time to the return of Tl, T2, T3, or T4 did not differ significantly between the two groups. Figures 1 and 2 present the recovery of Tl/ control and that of TOF ratio in the two groups, respectively. As described in Figure 1 , Tl/control did not differ significantly between the two groups. As shown in Figure 2 , 50, 60, and 70 minutes after the administration of vecuronium, the TOF ratio in the olprinone group was significantly higher than that in the control group (P < 0.05).
Anesthetic management
During the administration of olprinone or normal saline, none of the patients exhibited severe hypertension (systolic arterial pressure > 180 mmHg) or hypotension (systolic arterial pressure < 80 mmHg), severe tachycardia (heart rate > 120 bpm), bradycardia (heart rate < 50 bpm), or arrhythmia. The rectal temperature and the peripheral temperature over the adductor pollicis muscle did not decrease to less than 35.5'C and 32.0"C, respectively, in any patient. In all patients the anesthesia and surgical procedures were performed uneventfully. DISCUSSION This study shows that during a continuous administration of olprinone, the onset of neuromuscular blockade by 0.1 mg/kg vecuronium was not affected. Olprinone did not accelerate the return of Tl, T2, T3, or T4, or recovery of Tl/control, but did increase the recovery of TOF ratio in anesthetized patients receiving vecuronium.
It was reported that the TOF ratio represented the degree of neuromuscular blockade at the prejunctional region of the neuromuscular junction l3 ). By contrast, the time to return of TI, T2, T3, or T4, and Tl/control (twitch response) are related to the post junctional effect of neuromuscular blockade l3 ). This study demonstrated that continuous administration of olprinone accelerated the recovery of the TOF ratio, but did not affect the time to the return of Tl, T2, T3, or T4, or the recovery of the Tl/ control. From this viewpoint, olprinone is considered to act mainly at the prejunctional region of the neuromuscular junction, i.e., motor nerve endings, and accelerate the recovery of the TOF ratio. In fact, it was previously shown that PDE III inhibitors selectively blocked the type-l adenosine receptor (Al-receptor)l4.l5). Nagano and colleagues l6 ) found that blockade of the AI-receptor causes an increase in the release of acetylcholine at the motor nerve endings. Silinsky and colleagues l7 ) also demonstrated that if PDE was inhibited, the degradation of cyclic adenosine monophosphate decreased, which resulted in an increase in acetylcholine release. When the acetylcholine release increases, the contraction of the skeletal muscle is strengthened l8 ). In this way, olprinone, a PDE III inhibitor, increases acetylcholine release at the motor nerve endings, resulting in rapid recovery of the TOF ratio.
As noted above, the blockade of twitch response is regarded as a post junctional effect of neuromuscular relaxants l3 ). Uemura and colleagues l9 ) reported that an administration of olprinone did not improve twitch response in the guinea pig diaphragm. Their finding supports the present result that the time to the return of Tl, T2, T3, or T4, and the blockade of Tl/control, which indicated the postjunctional neuromuscular blocking effect, did not change during infusion of olprinone.
In the present study, we administered olprinone 30 minutes prior to the induction of anesthesia, because the plasma concentration of olprinone was reported to stabilize 30 minutes after the beginning of infusion in humans l ). If continuous administration of olprinone was not initiated prior to the induction of anesthesia, the olprinone-induced accelerating effect on the recovery of neuromuscular blockade might be less apparent than that observed in the present study.
In this study, the TOF ratio in the olprinone group was significantly higher than in the control group only after 50-70 minutes of administration of vecuronium. We cannot explain the reason why the TOF ratio in the olprinone group was increased 50-70 minutes after vecuronium. However, we postulate two potential explanations. First, 50-70 minutes after vecuronium, the mean TOF ratios in the control and olprinone groups were 0.15-0.39 and 0.40-0.57, respectively. We consider that the olprinone-induced effect on neuromuscular blockade may be apparent when the degree of neuromuscular blockade is relatively deep, i.e., TOF ratios in the control group were 0.15-0.39. This result is likely comparable to the previous finding that milrinone accelerated the recovery of the TOF response when the level of neuromuscular blockade was profound 8 ) . Second, the time course of the olprinone-induced quickening effect on recovery from neuromuscular blockade should be taken into consideration. Several previous studies have previously investigated the time course of the olprinone-induced effect. Hirota and colleagues 20 ) showed that infusion of olprinone rapidly decreased the peak airway pressure in asthmatic patients. Seki and colleagues 21 ) demonstrated that 20 minutes after the administration of olprinone, there was a significant increase in cardiac output and a significant decrease in systemic vascular resistance. Based on these previous findings, the olprinone-induced accelerating effect on recovery from neuromuscular blockade may have a rapid onset. However, in this study, as described above, the TOF ratio in the olprinone group was significantly higher than that in the control group 50-70 minutes after vecuronium. In other words, the difference in the TOF ratio became significant between the two groups 80-100 minutes after the beginning of the infusion of olprinone because the continuous administration of olprinone was initiated 30 minutes before the injection of vecuronium. Thus, although the onset of the 01-prinone-induced effect on the bronchial smooth muscle, cardiac output, or systemic vascular resistance is rapid, that on the skeletal muscle may be slow. To avoid prolonged neuromuscular blockade by vecuronium, infusion of olprinone is considered to be of clinical use.
Kimata and colleagues 2 ) demonstrated that olprinone increased cardiac output in humans. The increase in cardiac output accelerated the onset of neuromuscular blockade since the high cardiac output resulted in quick delivery of neuromuscular relaxant to the skeletal muscles 22 ) . However, in this study, the onset of vecuronium-induced neuromuscular blockade did not differ significantly between the two groups. Although olprinone is considered to speed the delivery of vecuronium to the adductor pollicis muscle, it may simultaneously make the skeletal muscle resistant to vecuronium because of the increase in the release of acetylcholine. For this reason, olprinone might not alter the time to the onset of neuromuscular blockade.
The degree of the paralyzing effect of neuromuscular relaxants differs between the sexes. The ED50, ED90, and ED95 of vecuronium are less in females than in males 23 ) . Also, the duration of action of vecuronium is longer in females than in males 23 ) . To exclude any sex-related differences in the action of vecuronium, only female patients were studied in the present study. It is likely that if males were studied in addition to females, the main results of this study might have been changed.
We conclude that in anesthetized patients receiving vecuronium, olprinone does not affect the onset of neuromuscular blockade, time to the return of TI, T2, T3, or T4, and recovery of TI/control, but hastens the recovery of the TOF ratio. This is likely because olprinone increases the release of acetylcholine at the prejunctional region of the neuromuscular junction, but does not act at the post junctional region of the neuromuscular junction.
